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ABSTRACT

Susceptibility Weighted Image (SWI) is a Magnetic
Resonance Imaging (MRI) technique that combines
high spatial resolution and sensitivity to provide mag-
netic susceptibility differences between tissues. It is
extremely sensitive to venous blood due to its iron
content of deoxyhemoglobin. The aim of this study was
to evaluate, through the SWI technique, the differ-
ences in cerebral venous vasculature according to the
variation of blood pressure values. 20 subjects di-
vided in two groups (10 hypertensive and 10 nor-
motensive patients) underwent a MRI system with a
Siemens® scanner model Avanto of 1.5T using a syn-
ergy head coil (4 channels). The obtained sequences
were Tilw, T2w-FLAIR, T2" and SWI. The value of
Contrast-to-Noise Ratio (CNR) was assessed in MinlIP
(Minimum Intensity Projection) and Magnitude im-
ages, through drawing free hand ROIs in venous
structures: Superior Sagittal Sinus (SSS) Internal
Cerebral Vein (ICV) and Sinus Confluence (SC). The
obtained values were presented in descriptive statis-
tics-quartiles and extremes diagrams. The results were
compared between groups. CNR shown higher values
for normotensive group in MinIP (108.89 £ 6.907) to
ICV; (238.73 + 18.556) to SC and (239.384 + 52.303)
to SSS. These values are bigger than images from
Hypertensive group about 46 a.u. in average. Com-
paring the results of Magnitude and MinlIP images,
there were obtained lower CNR values for the hyper-
tensive group. There were differences in the CNR
values between both groups, being these values more
expressive in the large vessels-SSS and SC. The SWI
is a potential technique to evaluate and characterize
the blood pressure variation in the studied vessels
adding a physiological perspective to MRI and giv-
ing a new approach to the radiological vascular
studies.
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1. INTRODUCTION

Magnetic Resonance Imaging (MRI) has completely
revolutionized the field of Neuroimaging. It has been
commonly used in the diagnosis and monitoring of dis-
eases, providing structural and morphological imaging,
allowing the visualization of detailed anatomy [1-3].

The MRI technique by Susceptibility Weighted Imag-
ing (SWI) combines high spatial resolution and extreme
sensitivity to magnetic susceptibility differences between
tissues, producing a final contrasted image revealing
itself extremely sensitive to venous blood, hemorrhage
and iron deposits. This adds a physiological perspective
to magnetic resonance images in the form of venous
vascular map [1-3].

This technique was developed in 1997 by Mark Haacke,
Reichenbach and colleagues, although it has been only
applied to clinical practice in 2007 [4,5].

Although this technique is in constant development, it
has several clinical applications including the detection
of trauma associated hemorrhages, strokes, brain tumors,
neurodegenerative diseases and Sturge-Weber syndrome
[6-10].

Hypertension (HT) is a clinical entity and corresponds
to an increase of the values in the blood pressure. For
purposes to limit the population of this study, the expres-
sion values of systolic blood pressure must be >140 mm
Hg (millimeters of mercury) and/or the diastolic blood
pressure values above 90 mmHg [11,12]. About 90% of
hypertension cases do not present a specific cause, while
the remaining 10% may be related with diseases such as
sleep apnea, chronic kidney disease, vascular kidney
hypertension, Cushing’s syndrome or aortic coarctation.
Genetics factors and age are aspects that may contribut-
ing to the almost 2/3 of the people over 65 years old are
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hypertensive [3]. According to the study “Prevalence of
Hypertension” in our country performed by Eurotrials,
they were registered the following results: subjects younger
than 35 years had a prevalence of 12.1%, subjects be-
tween 35 and 64 years had a prevalence of 44.6% while
subjects over 64 years old had a prevalence of 63.3%.
Therefore it is observed that HT is a reality around world
with impact over all age groups with major expression in
the south of Europe [13].

Regarding these figures and with a population of about
two million hypertensives in the mainland, our purpose is
to carry out a comparative imaging study, using the po-
tentialities of SWI (Susceptibility Weighted Images) by
Magnetic Resonance [12]. Thus, the purpose of this study
was to evaluate, through the SWI technique, the differ-
ences in cerebral venous vasculature according to the
variation of blood pressure values. The goal was reached
by measuring the value of Contrast-to-Noise Ratio (CNR)
in the following anatomic structures: Superior Sagittal
Sinus, Internal Cerebral Vein and Sinus Confluence also
called Herophili Torcula. Through these structures, the
variation of the hypertension expressed by the MR signal
will be demonstrated by the SWI.

1.1. Biophysics of the Blood

The blood flow is divided into two circuits: the small
circulation, where the blood makes the re-oxygenation
(increase of oxygen content) and where the systemic
circulation occurs, is responsible for the perfusion and
the supply of oxygen and nutrients to the cells of differ-
ent tissues. Through the complex oxy-deoxyhemoglobin,
the oxygen is carried into the different tissues, allowing
their oxygenation. When the oxygen molecule is linked
to the hemoglobin it is designated as oxyhemoglobin.
However, in order to the tissue oxygenation may occur,
the oxygen should dissociate from the hemoglobin to
form deoxyhemoglobin. The oxygen consumption rates
have distinct values for each organ, e.g. in the brain, the
oxygen consumption rate is considerably high, as it is
required a continuous neuronal function for the activity
of different mechanisms in the human body. In order that
brain cells keep oxygen continuously, the circulatory
system must be able to deliver enough quantities of
blood in accordance with the needs of the tissues for
each moment [14].

The blood distribution begins with the cardiac diastole,
followed by the cardiac systole. This variation generates
differences in the blood pressure, causing the blood
transport from the high pressure regions to the low pres-
sure regions, yielding the blood flow. When this pressure
increases, the opposite resistance in the vessel’s wall also
increases, decreasing the blood flow. Due to the lack of
oxygen many tissues undergo hypoxia, and thus the
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oxygen content existing in the bloodstream decreases,
increasing the amount of deoxyhemoglobin [14,15].

1.2. Physiological Effects of Hypertension

The clinical relevance of Blood Pressure depends on two
hemodynamic variables: cardiac output and total periph-
eral resistance of the vascular net. The cardiac output is
influenced by the blood volume pumped by the heart,
while the peripheral resistance is predominantly deter-
mined by the small blood vessels. The peripheral resis-
tance also depends on the vessel lumen dimension, the
wall thickness of the arteries and the neural and hormo-
nal influences which affect the distension or constriction
of these vessels. Hypertension appears when changes
occur on the relationship between blood volume and total
peripheral resistance, damaging the endothelial cells and
consequently weakening the vessels [16]. Under these
changes two mechanisms occur: Arteriosclerosis (enlar-
gement and stiffness increase of the vessel walls) and
Atherosclerosis (narrowing of blood vessels through the
deposition of atheromatous plaques) [16,17]. When one
of these situations occurs, the blood flow supply to dif-
ferent organs is affected. In case of the blood flow being
blocked at the brain, its nutritive functions became af-
fected and therefore it is not capable of performing its
main functions. When this happens, ischemic events can
occur and temporarily block the blood flow to the brain
due to arteries narrowing or blockage, which can cause
Mild Cognitive Impairment (MCI) [18-21]. Functional
changes may occur on the structures responsible for the
control of autonomic/independent reflexes, reducing the
capability for self-regulation of cerebral blood flow [14,
21,22].

These changes may be intensifying from different risk
factors: obesity and poor diet, emotional stress, alcohol
ingestion, sedentary life and smoking [17]. Due to the
vessels resistance caused by the above mechanisms, tis-
sue oxygenation is not performed effectively resulting in
the oxygen-hemoglobin not fully decomposed and there-
fore the oxygen that reaches the cell is reduced, leading
to hypoxia. After the tissue oxygenation, hemoglobin
loses the oxygen element, designating itself afterwards as
deoxyhemoglobin [14,15,18].

The (Figure 1) illustrates the physiological HT effect
on the content of oxyhemoglobin and deoxyhemoglobin
in the venous vasculature.

1.3. SWI (Susceptibility Weighted Image)

The SWI is a technique that exploits the magnetic sus-
ceptibility differences between different tissues in order
to generate a unique type of contrast different from of the
other MRI techniques [5,20].

It consists of the combination of T2" magnitude im-
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Figure 1. Flow chart representing the effect of hypertension
over venous vasculature.

ages and phase filtered images through a flow compensa-
tion in all directions with a high resolution, and a 3D
gradient echo to create a new type of contrast. This con-
trast emphasizes the magnetic susceptibility differences
between the various tissues and substances increasing the
differentiation among them [23]. The phase images ob-
tained show local susceptibility differences between the
different tissues, allowing the measurement of the iron
content [5]. However, it is typical in these images to pos-
sess a high noise and inhomogeneities (due the air/tissue
interfaces and BO effects), therefore the resulting data
requires a high-pass filter, showing the susceptibility
differences between the tissues [24,25].

First the process of data processing shows a phase
mask from the filtered phase images. Then it is multi-
plied with the magnitude images and applied a MinIP,
obtaining the final SWI image, increasing the conspicu-
ity of smaller caliber veins and other sources of suscepti-
bility effect [26-28] (Figure 2).

Most iron compounds are paramagnetic. They are sub-
stances able to generate a small magnetic field in the
same direction of the existing magnetic field (B0), in-
creasing its intensity. This is due to the fact that these
substances possess unpaired electrons that originate local
magnetic fields of lesser intensity that are associated
with the external magnetic field, increasing it [29].

The magnetic susceptibility differences between oxy-
hemoglobin and deoxyhemoglobin are an important ena-
bling factor for the SWI phenomena. The magnetic sus-
ceptibility is the variable that measures the behavior of a
substance subjected to the action of a BO magnetic field
[29,30]. In the presence of this field, the substances may
be paramagnetic or diamagnetic. They will be diamag-

Copyright © 2013 SciRes.

MinlIP

R

In.lager of Phase Magnitude
| Image
High Pass Filter ~ Multiplication

SWI
Image

Filtered Phased
Image

Figure 2. Scheme of the SWI process (from Toshi M., et al.)
23].
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netic if they promote a magnetic field in opposite direc-
tion to BO, resulting in a decrease of the total area of
magnetic field. The oxyhemoglobin assumes this behav-
ior creating a magnetic field in the opposite direction.

On the other hand they may increase the intensity of
the area’s total magnetic field, designating themselves as
paramagnetic compounds such as deoxyhemoglobin
[28,29]. These properties are on the basis of the basic
concept of venographic effect MRI BOLD (Blood Oxy-
gen Level Dependent), wherein the SWI represents an
evolution of the technique. This consists of the use of
paramagnetic properties of deoxyhemoglobin and T2
prolonged effect of the venous blood as intrinsic contrast
agent, obtaining a difference phase between vessels con-
taining deoxygenated blood and adjacent brain tissue,
canceling the difference in the signal intensity among
both [11]. The added SWI phase image will allow the
observation of very small dimension blood vessels [11,
31,32]. Thus, the venous vasculature appears hypoin-
tense, with high resolution (reduced slice thickness). For
ideal viewing and analysis it should be applied minimum
intensity projections [33].

2. METHODS

The experimental component of the study was carried
out between May and August and was focused over a set
of subjects having the criteria on study: hypertension
(sample) and a set of normotensive subjects (the control
group) [34].

The study consists of the changes in images under the
Hypertension’s variation effect by the SWI technique. In
the beginning of the research process, it was performed
an anatomical and radiological characterization of the
brain of the postmortem specimens fixed with a Di-
ethyleno Glycolb alcohol. According to the obtained
sequences, the 8 skulls undergone to MR did not show
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any signs of blood flow or susceptibility in the paren-
chyma. The images were acquired at level of intercom-
missural plan (Figure 3). The selection was made and
determined the location of the anatomical structures un-
der evaluation in the next phase of the study. The pa-
rameters of acquisition applied and weighted were: T1w
SAG (TR: 583 ms; TE: 9 ms); Tlw TRS (TR: 583 ms;
TE: 9 ms); and T2 FLAIR TRS (TR: 7572; TE: 120 ms;
TI: 2000 ms). The others parameters were equal from all
sequences: Number of slices (20); Slice thickness (6
mm); Flip Angle (90°); Matrix (256 square) and FOV
(220 mm).

Sample

The inclusion criteria were targeted to two groups: 1-all
the people with no brain pathologies and normal blood
pressure values and 2-all the people with no brain pa-
thologies and higher values of blood pressure. It was an
intentional non probabilistic sample selection, since the
individuals were approached in specific locations, in-
cluding the National Society of Hypertension. Into a data
collect period it was gathered a sample of 20 subjects (10
normotensive and 10 hypertensive). The age range was
between 18 and 70 years old (mean of 35), from both
genders.

The volunteers who were invited to participate in the
study met the following conditions: possessing no history
of neurological conditions and not consuming any
stimulant at least in the 6 hours before the exam. Re-
garding the hypertensive group, they were deprived of
medication for at least 12 hours to ensure the real
physiological effects of hypertension and they would
possess blood pressure exceeding 140/90 mmHg [10,
35,36]. It was conducted a survey to register the individ-

Table 1. Parameters of protocol acquisition.

ual variables and clinical history that might affect the
results. In order to safeguard the ethical issues, a form
was filled in which each participant signed their in-
formed consent. In this document the subjects were in-
formed about the MRI safety procedures. In order to
safeguard the safety and welfare of the volunteers all the
examinations were performed according to the safety
guidelines from “Device Bulletin Safety Guideline for
Magnetic Resonance Imaging Equipment in Clinical
Use” [37]. Immediately before performing the brain MRI,
all volunteers were undergone the blood pressure and
heart rate measured. The images were obtained by an
MR scanner Siemens® model Avanto with 1.5 T of the
main magnetic field. It was used a head standard coil
with 4 channels following the protocol outlined in Table
1.

The images underwent a process of quantitative analy-
sis in magnitude and MinIP images using the software
Leonardo Syngo 2004. The CNR was assessed by draw-

Figure 3. Image of the 6™ spe-
cimen obtained with TIW se-
quence at transverse plan.

Sequences
Acquisition parameters (units) "
T1 SAG T2 FLAIR TRS T2 TRS SWITRS 1.6 mm SWITRS 1.3 mm
TR (ms) 350 8000 615 49 49
TE (ms) 8.1 92 20 44 44
TI (ms) 2371.5
Number of Slices 19 21 21 88 88
Slice Thickness (mm) 1.06 1.06 5 1.6 1.3
Flip Angle (°) 90 150 90 15 15
Matrix 317 x 320 204 x 256 196 x 320 221 %320 221 x 320
FOV (mm) 205 167.3 192.5 186.9 186.9
GAP 30% 30% 30% 20% 20%
SAR 35 1.8 0.7 0.3 0.3
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ing one free hand ROI in the magnitude and MinIP im-
ages in the following vascular structures: superior sagit-
tal sinus (SSS), internal cerebral vein (ICV) and sinus
confluence (SC), since these venous structures have lar-
ger diameter and are easily identified.

In this way it were obtained the mean values of meas-
ured contrast in the selected areas, allowing subsequently
correlation of the CNR (contrast-to-noise ratio) and the
imaging signs of hypertension. To guarantee the inclu-
sion of the selected structure in the ROIs and rise the
accuracy of the measurements, it was defined a standard
deviation of <10%. To give reproducibility, the ROI’s
characteristics were kept by drawing all exactly at the
same anatomic location, with the same size and shape.
From each ROI was produced one label with the values
measured.

Two sequences of SWI images were acquired, one
with 1.3 mm of slice thickness and the second with 1.6
mm. The data of CNR were assessed according to Toshi
Matshushita et al. method: [23].

The values obtained were submitted to the statistical
analysis, being calculated the mean values and standard
deviation of the signal for the 4 distinct areas in each
group, in the MinIP and Magnitude images. The values
were presented through box-and-whiskers-plot graphs
and were made a comparison between the signal values
and CNR measure.

3. RESULTS AND DISCUSSION

Based on the ROI’s values and statistic analysis, the re-
sults show the mean value and standard deviation of the
CNR value in the normotensive and hypertensive volun-
teers.

It was observed that the CNR values in the NT (nor-
motensive group) are higher than the HT (hypertensive
group) values, in both Magnitude and MinIP images to
the Superior Sagittal Sinus structure (Figures 4 and 5).
In the Magnitude images the mean values of the NT are
374.8 + 32.707 au (arbitrary units), while for the HT its
mean value corresponds to 266.92 + 39.602 au. Regard-
ing the MinIP image, the NT has a mean value of
239.384 + 52.303 au while the HT has 26.949 + 161.69
au.

Regarding the variation of CNR values for the ICV,
they are CNR values are higher in the NT in both image
types. In the Magnitude images, the values of the NT are
158.26 £ 16.745 au, while the values of HT are 127.49 +
23.07 au. In the MinIP images the NT values are 108.89
+ 6.907 au, while the HT values are 81.14 + 18.316 au.

Through the analysis, it appears that the average CNR
is higher in the NT on both image types. In the magni-
tude images, the NT has a mean value of 323.43 +
18.556 au, whereas the HT has a mean value of 227.75 +

Copyright © 2013 SciRes.

Magnitude
450
400 T
3504
o EE
Z
&)
3004
2504
i -
200
T T
NT HT

Figure 4. Magnitude and MinIP graph from the values of CNR
in SSS for normotensive group.
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Figure 5. Magnitude and MinIP graph from the values of CNR
in SSS for hypertensive group.

34.427 au. Regarding the MinIP images, the mean values
for the NT are 238.73 + 18.556 au and for the HT are
133.47 £20.527 au.

From the observational component it was concluded
that those from the HT values decreased in the SSS and
the SC in MinIP images. While the MinIP images from
the NT in the SSS had a mean value of 239.384, the HT
had a mean value of 161.69 (difference of 77.694 points).
In the SC, the NT had a mean value of 238.73 and the
HT had 133.47 (difference of 105.26 units).

The literature state that hypertension by changing the
pressure in the vessels makes the metabolism ineffective
because occurs a reduction of oxygen supply to the brain,
resulting in hypoxia and consequently increasing the
percentage of deoxyhemoglobin in the venous vascula-
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ture. In this way it was proceeded a quantitative assess-
ment of the venous vasculature of the brain. For this
analysis it was used Magnitude and MinIP images. Such
images have proved to be extremely sensitive to venous
blood [1-3,5].

Initiating the analysis on the Superior Sagittal Sinus, it
is observed that the values of the NT (normotensive
group) are higher than the HT (hypertensive group) val-
ues. In the first group, it is presented a maximum CNR
value of 428.5, a minimum CNR value of 332.5 and a
median of 374.8 while the second group has a minimum

value of 225.2, a maximum of 346 and a median of 261.1.

It can be noted that the HT maximum value exceeds the
NT minimum value, approaching the mean value of this
group (374.8 = 32.707). The corresponding values of the
HT have a higher dispersion in comparison with the NT.
Regarding the MinlP results, the NT values are slightly
increased in what concerns to the HT values and show a
considerable scatter since they present a minimum value
of 136.6, a maximum value of 317.7 and a median of
251.6. This scattering was due to the fact that different
individuals possess different metabolisms and oxygen
concentrations in the blood. This may originate physio-
logical changes which influence the blood flow in the
different vessels and therefore signal loss in SWI images
[38-40].

Considering the ICV it was observed that in the mag-
nitude images the values around the NT mean value,
although slightly higher than the HT values, are very
close to the values of this group. In the NT, the CNR
maximum value is 196, the minimum value is 136.3 and
the median is 374.8, while in the HT it is observed a
minimum value of 98.3, a maximum value of 159.5 and a
median of 261.1. According to these values, the HT
maximum value is higher than the average (158.26 +
16.745) of the NT, and the NT minimum value is close to
the average values of the HT. Regarding the MinIP im-
age the core values are slightly apart, being the NT val-
ues higher than the HT. However, this difference of val-
ues is minimal considering that the range magnitude is
below the remaining ones presented. It is also possible to
see that the HT maximum value is at the same level as
the NT maximum value (115.6 and 116.9). A possible
explanation may be considered as the CNR values in this
venous structure are inferior because this is a small di-
mension structure, and therefore the lumen is also
smaller, reducing the blood flow [41,42].

Performing the analysis of the images from the SC, it
can be seen that in the Magnitude graph the NT values
are higher than the HT values and with no value overlap-
ping, being all HT values lower than the NT values. It
appears that the HT values are more dispersed than the
NT values, the first group having a minimum value of
180.8, a maximum of 290 and a median of 152.45 and
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the second group a minimum value of 295, a maximum
value of 355.1 and a median of 120.75. For the HT, it is
observed that 50% of the individuals have CNR values
near 200, while the remaining 50% have values between
200 and 300. Regarding the NT, this group has greater
value concentration being the range from 300 to 355.1.
Concerning to the MinIP image it is apparent that the NT
values are higher than the HT values, with no value
overlapping, since the HT has a maximum of 148.4 and
the NT has a minimum of 103.2. It should be noted that
although the average of CNR values presented by both
groups were quite different, the values of the HT had a
lower dispersion compared with the NT, where most
individuals present mean values between 150 and 100.
Regarding the NT it is apparent the presence of an outlier
(95.4) that may be justified by the reduced signal in the
structure evaluated. For the HT, it is also presented an
outlier (184.4), which may be justified by the strong
consistency of the remaining sample results. This value
appears when was drawn the ROI in the lumen of the
structure, having a high signal in comparison with other
venous structures. Thus, it is possible to acknowledge
that in the large caliber venous vascular structures, the
CNR values decreased significantly.

This study had some limitations. The small sample
size may influence the obtained results. Ideally the age of
subjects as well as their biotype should be similar. The
morphological variables inherent to each individual pa-
tient and in particular, the vascular map and the vessels
caliber may also influence the results [40,42,43]. Like-
wise, the blood pressure values of both groups should be
located at shorter intervals [41-44].

Before performing the MRI, it was carried out blood
pressure measurements during the period when the sub-
jects were not under the effect of medication. Contrary to
expectations, there were blood pressure values lower
than expected. Such variation of arterial tension is due to
the fact that the subjects underwent different medications.
The active principles and the duration of the different
types of existing medications within the HT (diuretics,
beta blockers and angiotensin II) could have influenced
the blood pressure values of the HT subjects and conse-
quently their vascular map at the time of image acquisi-
tion. Despite the control time period in medication with-
drawal, it was impossible to accurately control the
physiological effects, as different drugs have different
actuation times and half-life [15,16,36,42].

It was verified a change in the magnetic field at dif-
ferent times of the data collection leading to a fluctua-
tions inherent of the field and equipment fail. This factor
influenced the acquired images as to its noise and its
signal. The use of a phantom before proceeding to data
collection would be useful in reducing these effects in
the image [43-45].
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4. CONCLUSIONS

Hypertension is a syndrome that causes changes in the
caliber of blood vessels affecting the blood supply to the
organs. In this way deoxyhemoglobin levels increase
mainly in the venous vasculature. With the use of new
MRI sequences it is possible to take advantage of the
susceptibility phenomena to give us an image of the
cerebral vasculature mainly in the venous circulation due
to the presence of deoxyhemoglobin [46]. As proposed, it
was proceeded a quantitative assessment of CNR in three
different anatomic structures, in a population of nor-
motensives and hypertensives. Despite some limitations
achieved, it was possible to obtain results that help us to
understand the changes in susceptibility MR image (SWI)
arising from changes in blood pressure. In larger caliber
vessels, such as the superior sagittal sinus and Sinus
Confluence it was concluded that the CNR value of the
MinIP images in the hypertensive group decreased, being
higher this decrease on SC (77.694 < 105.26). Achieved
the aim of the study through the quantitative measure-
ment of CNR, they were observed differences in the
CNR value between small and large diameter of vessels.

As expected, an increase of the blood pressure values
correspond to a reduction in the caliber of the blood ves-
sels which follows, in accordance with the physiological
principles, in trade reduction between oxy and deoxy-
hemoglobin among the brain tissue crossed by vascular
structures [16]. Coupled with this effect, decreasing blood
vessel diameter consequently decreasing of the cerebral
blood flow justifies the lower CNR values found in hy-
pertensive’s patients.

It is suggested further development of this investiga-
tion as a continuation of this study, using a larger number
of subjects. It is also suggested as future research devel-
opment a continuation of this sample restricting it to only
one age group, and within known limits of blood pres-
sure variation on both groups.

The SWI is a potential technique to evaluate and
characterize the blood pressure variation in the studied
vessels adding a physiological perspective to MRI and
giving a new approach to the vascular assessment by
imaging.
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